Purpose
Vision and hearing impairments are known to increase in middle age. In this study we describe the prevalence of vision impairment and dual sensory impairment in UK adults aged 40 to 69 years in a very large and recently ascertained data set. The associations between vision impairment, age, sex, socioeconomic status, and ethnicity are reported.
Methods
This research was conducted using the UK Biobank Resource, with subsets of UK Biobank data analysed with respect to self-report of eye problems and glasses use. Better-eye visual acuity with habitually worn refractive correction was assessed with a logMAR chart (n = 116,682). Better-ear speech reception threshold was measured with an adaptive speech in noise test, the Digit Triplet Test (n = 164,770). Prevalence estimates were weighted with respect to UK 2001 Census data.
Results
Prevalence of mild visual impairment and low vision was estimated at 15.2% (95% CI 14.9-15.5%) and 0.9% (95% CI 0.8-1.0%), respectively. Use of glasses was 88.0% (95% CI 87.9-88.1%). The prevalence of dual sensory impairment was 3.1% (95% CI 3.0-3.2%) and there was a nine-fold increase in the prevalence of dual sensory problems between the youngest and oldest age groups. Older adults, those from low socioeconomic and ethnic minority backgrounds were most at risk for vision problems.
Conclusions
Mild vision impairment is common in middle aged UK adults, despite widespread use of spectacles. Possible barriers to optometric care for those from low socioeconomic and ethnic minority backgrounds may require attention. A higher than expected prevalence of dual impairment suggests that hearing and vision problems share common causes.
Optometrists should consider screening for hearing problems, particularly among older adults. rather than <6/18. When considering functional ability it is important to measure habitual acuity (presenting acuity), rather than best corrected. (3) Any difference between the habitual and best corrected acuity is due to uncorrected refractive error (i.e. the lack of upto-date distance spectacles). However, perhaps due to an interest in impairment rather than disability, most population studies tend to assess best-corrected vision. (4) Studies that have assessed both presenting/habitual and best-corrected acuity suggest that there is potential for significant improvement, especially for lower levels of impairment (prevalence of VA<6/12 fell from 2.6% to 0.61% with correction A dual sensory problem refers to the co-existence of both vision and hearing difficulties.
Some studies suggest increased difficulty with activities of daily living, (12, 13) increased risk of depression, (14) lower quality of life (15) and higher risk of mortality (16) for those with dual sensory problems compared to those with either hearing or visual impairment alone.
Estimates of the prevalence of dual sensory problems are rarer than those for either vision or hearing impairment, as studies have usually focused on one or the other. As there is no accepted definition of dual sensory problems, estimates of prevalence also vary widely depending on definition and study population. (17) Based on self-report, 1.3% of US adults aged over 18 years (16) and 21% of those aged over 70 years (12) were reported to have a dual sensory problem. Based on visual acuity and audiometric measures (best-corrected better-eye visual acuity <20/40 and better ear threshold > 25dB HL across 0.5 to 4 kHz),
1.5% of those aged over 20 years had dual sensory problems. (18) The present study provides a snapshot of vision impairment and dual sensory impairment experienced by UK adults aged 40 to 69 years based on a large and inclusive sample. Vision assessment was based on presenting/habitual visual acuity. Relations between vision impairment, age, sex, socioeconomic status and ethnicity are also described.
Methods
The UK Biobank is a resource for the investigation of the genetic, environmental and 
Visual acuity test
Visual acuity (VA) testing was based on reading high contrast letters, with the participant seated at a distance of 4 metres. Visual correction was worn for those participants that normally wore glasses or contact lenses for distance, and visual acuity measures were completed monocularly on both eyes. The score was determined as the logMAR size at which 3 out of the 5 letters presented were read correctly. Normal vision was defined as visual acuity (decimal Snellen) ≥0.8, mild impairment as <0.8 and ≥ 0.3 and low vision <0.3 and ≥ 0.05. Blindness (<0.05) was not a focus of the current study. Those with visual acuity within the blindness range (n = 4) were excluded from analysis. We are not aware of any standard criteria for dual sensory impairment. In this study, dual sensory impairment was identified based on 'insufficient' or 'poor' performance on the DTT hearing test combined with visual acuity in the 'mild impairment' or 'low vision' range.
Digit Triplet Test
The Digit Triplet Test is a speech-in-noise test originally developed in Dutch by Smits and colleagues (21) which provides an objective and ecologically relevant measure of hearing disability and correlates highly with audiometric thresholds (r = 0.77 (21)). The DTT is largely accounted for by the addition of measures at different points over the course of data collection, and this was unrelated to the hearing or vision status of participants. The iterative proportional fitting procedure involves a stepwise adjustment of sampling weights until the difference between the observed subsample margins and the known population margins across sex, ethnicity and socioeconomic status is less than a specified tolerance, set at 0.2%. Convergence of the fitting procedure was achieved in less than 10 iterations for all subsamples and age categories. All subsamples were weighted and cross tabulations performed to generate the population prevalence estimates. Multinomial logistic regression 
Results

Vision
The prevalence of both mild impairment and low vision with habitually worn refractive correction for distance viewing increased with age ( Figure 1) , with proportional increases of 3.6x and 2x between the youngest and oldest age groups for mild impairment and low vision, respectively.
(insert figure 1)
Self-reported use of glasses was common ( reported no eye condition, 46.6% used glasses for distance viewing a while 36.8% reported neither an eye condition nor using glasses for distance viewing. Cataracts were the most commonly reported eye condition (~10% of those with mild impairment or low vision), followed by macular degeneration, glaucoma and diabetes-related eye disease.
(insert figure 2) The main effects of age, sex, socioeconomic status, and ethnicity were tested in a logistic regression model for the prevalence of visual impairment ('mild impairment' and 'low Distance viewing was estimated as the sum of those who report using glasses or contact lenses for either myopia, hypermetropia or astigmatism. Dual sensory problems
Prevalence of dual sensory problems ( Figure 3 ) has a higher proportional increase with age than for vision impairment alone; a 9x increase between youngest and oldest age groups.
Overall, 2.4% of participants had a dual sensory problem. The occurrence of dual sensory problems was significantly greater than if hearing and vision problems occur independently (expected proportion of 1.5%; Χ 2 (1)= 584, p < 0.01). Average speech in noise recognition thresholds were significantly worse for those with mild or low vision compared to those with normal vision (by 0.5 and 0.6 dB respectively, p<0.01). Risk factors for dual sensory problems followed a similar pattern to those of hearing and vision (not shown here).
(insert figure 3) 
Discussion
Vision
The overall prevalence of vision impairment (mild and low vision) was 14.0%, based on visual acuity measures with participants wearing the spectacles or contact lenses habitually in Finland, of those with VA <0.5, 37% had no documented eye disease: of those only 25% reported using spectacles, 61% had not had an eye examination for 5 years and 35% had never had an eye examination. (27) In a recent UK study, of those with VA <6/18, 28% had uncorrected refractive error. (7) We therefore suspect that refractive error is likely to be the most common cause of visual impairment in this UK sample. Despite the suspicion of high rates of un-or imperfectly corrected refraction, use of glasses was very common, and matches the pattern reported in earlier studies. In an Australian study described earlier, (5) participants aged 40-98 years reported that 56% wore distance spectacles and 87% women and 85% men wore near spectacles. Distance spectacle wear progressively increased throughout age span, but near spectacles increased notably between the 40-49 (approx.
60% wearing) and 50-59 (95%+ wearing) age groups (5) . High levels of spectacle use have been reported in the UK with older age groups (aged 65+ years); 60.6% had distance specs and 89% had near spectacles.
It was surprising that refractive error is likely to be the most common cause of visual impairment in this sample, despite the use of spectacles being so common. It may be that spectacles were originally optimally prescribed by an optometrist but the prescription has become outdated. A recent study of 768 Canadians aged over 40 years found the prevalence of presenting acuity <20/40 in the better eye was 2.7%, with over 70% being correctable by refraction, despite the fact that 68% of participants in that study already wore distance correction, and 82.6% near spectacles. (6) The numbers with correctable vision impairment decreased as age increased, but increased in those not tested for >2
years. It is recommended that adults under 70 years have an eye examination every 2 years, with an annual examination for those aged over 70 years. Evans and Rowlands (11) felt that additional publicity to raise awareness of the need for regular checks may be necessary, and reviewed other reasons for the high prevalence of correctable visual impairment. They In the present study, older age was the factor most prominently associated with poor vision.
Low socioeconomic status was also associated with higher odds of vision impairment. In the UK, eligibility for free eye tests is currently means tested for individuals between the ages of 16 and 60 (except for a few specific exceptions), and vouchers towards glasses are provided on a means tested basis for adults of all ages. However for those entitled to an NHS eye examination, this can be carried out in the home for those who have limited mobility. Optical low vision aids (magnifiers) are however provided free of charge (by hospital clinics). In contrast, audiological services and hearing aids are freely provided. Speech-reading refers to the ability to recognise speech sounds visually, using movements of the speaker's mouth or other sources of visual information. 
Conclusions
Older people, those from low socioeconomic and ethnic minority backgrounds are particularly at risk for vision problems. Vision impairment is rather prevalent despite widespread use of spectacles and contact lenses. A high proportion of those who would 
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